Introduction
Bladder cancer (BCa) ranks number seven in the list of the most common malignancies in male patients, 1 with over 79,000 new cases and over 16,000 deaths a year reported in the USA. 2 Among all urinary tumors, the morbidity and mortality of BCa were both the second highest, 3 and the disease is not easy to cure due to the high recurrence and metastasis rates, with a 5-year survival rate ~75%. 4 Despite the majority of
In the setting of metastatic BCa, distant lymph nodes and lung are the most come sites of metastases, while the proportion of bone metastasis remains controversial. 7, 8 Some cases could undergo a change of the metastatic pattern and involve other distant organs. Patients with different metastatic sites might represent different subgroups of patients with different tumor biologic patterns and prognosis and subsequently, distinct therapeutic approaches. 7, 9 Previous studies had pointed out that liver metastases might be a predictor for poor prognosis in metastatic urothelial carcinoma patients. [10] [11] [12] Nevertheless, due to the limited number of patients and differences in treatment strategies, the effects of bone metastases, distant lymph node metastases as well as different sorts of visceral metastases on the prognosis of metastatic BCa patients remain blurry.
The up-to-date guidelines still recommend chemotherapy as the first-line treatment of metastatic BCa. 5 In spite of a passable initial response rate to chemotherapy, the median overall survival of the disease was still unsatisfactory. 13 Since no huge progress has been made in effective chemotherapy, patients with metastatic BCa barely had a median survival that surpassed 3-6 months.
14 This calls for the reconsideration of the current therapeutic strategies for this disease. Previous studies suggested that benefits of long-term cancer control from metastasectomy might be obtained in highly selected patients, 8 especially in those with lung metastases. 15, 16 However, previous studies were all based on rather small number of single-institutional patient cohorts; thus, the roles that surgeries, including surgeries of the primary tumor and metastasectomy, played in the treatment of metastatic BCa are still disputable. Population-based analysis on the prognostic value of site-specific metastases and RC as well as metastasectomy for metastatic BCa is deficient. Therefore, based on a large cohort of patients, the purpose of this study is to investigate the prognostic value of site-specific metastases. We also analyzed the effect of RC and metastasectomy on metastatic BCa in the hope of offering reliable evidence for the management of metastatic BCa.
Materials and methods

Study population
Patients diagnosed with metastatic (M1 stage) BCa from 2010 to 2014 were identified from Surveillance, Epidemiology and End Results (SEER) database because the detailed information about distant metastatic sites before 2010 was not available. Other inclusion criteria were as follows: patients >16 years old; BCa as the primary cancer diagnosis; distant metastatic sites including bone, brain, liver, lung and distant lymph nodes; active follow-up and patients with >0 day of survival. Patients without sufficient information about distant metastatic sites or survival data were excluded. We also excluded patients with controversial information (e.g., patients at N1-N3 stages with 0 positive lymph node).
Covariates and follow-up information
Covariates of interest extracted for each case included age at diagnosis, gender, race, marital status, tumor size, American Joint Committee on Cancer eighth T stage, American Joint Committee on Cancer eighth N stage, site of metastases, surgery to the primary and metastases. The follow-up information including survival status, survival months and cause of death were all extracted from the dataset. The primary endpoints of the study were overall survival (OS) and cancerspecific survival (CSS). Survival time was calculated from the date of diagnosis to the date of 1) death from any cause (OS) 2) death from BCa (CSS) or 3) the last follow-up.
Statistical analysis
Chi-square test was used to compare the patient characteristics between groups. Venn diagram was drawn to illustrate the distribution of distant metastatic sites in patients. Survival curves were estimated using the Kaplan-Meier method. The log-rank test and Breslow test were used to assess significant differences for OS and CSS. Multivariate Cox proportional hazards regression analysis was employed to evaluate the prognostic factors, and hazard ratios (HR) along with 95% CI were calculated. Two-sided p values of <0.05 were considered statistically significant. Venn diagram was drawn using R version 3.4.0 (http://www.r-project.org/). Other analyses were performed using the SPSS version 22.0 software package (IBM Corporation, Armonk, NY, USA).
Compliance with ethical standards
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and national research committee and with 
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Roles of metastatic sites and surgeries in M1 bladder cancer patients the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. We obtained permission to access SEER dataset with the reference number 11587-Nov2016. Extraction of data from the SEER database does not require informed consent.
Results
Patients' characteristics
A total of 1862 patients with M1 stage BCa were identified in the period from 2010 to 2014 and included in our analysis according to the inclusion and exclusion criteria. The characteristics of all patients are presented in Table 1 , and the distribution of patients in each year (from 2010 to 2014) was roughly even. The median age of all patients was 70 (range 17-98). The majority of the cohort (85.3%) was ethnically white, and 1336 (71.8%) patients were male patients. As for the tumor stage and grade, 1250 (67.1%) patients were suffering from MIBC and 1379 (74.1%) patients had G3 tumor. Only 124 (6.7%) and 95 (5.1%) patients received RC and metastasectomy, respectively. The follow-up time ranged from 0 to 59 months, and 1558 (83.7%) patients had died before the last follow-up, of which 1426 (76.6%) deaths were due to BCa. Statistically significant correlations obtained between different characteristics and each site of metastases are also shown in Table 1 .
Distribution of distant metastatic sites
The distribution of distant metastatic sites is summarized in Table 1 , and we applied Venn diagram ( Figure 1 ) to further illustrate metastatic sites distribution. The Venn diagrams show the number of patients with different kinds of metastatic sites. It shows that 799 (42.9%) patients were diagnosed with bone metastases, 724 (38.9%) patients were with lung metastases, 637 (34.2%) patients were with distant lymph nodes metastases, 493 (26.5%) patients were with lung metastases and only 76 (4.1%) patients had brain metastases. A total of 1228 (66.0%), 438 (23.5%), 153 (8.2%) and 43 (2.3%) patients had one, two, three and four metastatic sites, respectively, and the overlapping area of the Venn diagram presents patients with multiple metastatic sites. No patient was found to have five metastatic sites in the cohort.
Impact of metastatic sites on survival outcomes
The OS and BCa specific survival were compared according to different metastatic sites. Kaplan-Meier analyses showed that patients with bone ( Figure 2A Figure 2G , H) had worse outcomes both for OS and CSS, compared to patients without the corresponding sites of metastases (with vs without bone metastases: p=0.005 for OS and p=0.002 for CSS; with vs without brain metastases: p<0.001 for both OS and CSS; with vs without liver metastases: p<0.001 for both OS and CSS; with vs without lung metastases: p<0.001 for both OS and CSS). For distant lymph node involvement, however, patients with other kinds of metastases rather than distant node metastases showed worse OS (p=0.001) and CSS (p=0.001), as shown in Figure 2I , J.
The effect of the number of distant metastatic sites on survival was further analyzed. Results revealed that patients with single-site metastasis had significantly better outcomes for both OS and CSS than patients with two, three or four metastatic sites (all p<0.001), as shown in Figure 3A , B. Moreover, patients with two-site metastases also showed survival advantages over "three sites" group (p<0.001 for OS; p=0.004 for CSS) and "four sites" group (p<0.001 for OS; p=0.004 for CSS). No significant survival difference was observed between patients with three-and four-site metastases (p=0.522 for OS; p=0.385 for CSS), and overlapping survival curves of these two groups are shown in Figure 3A (for OS) and 3B (for CSS).
In the multivariate Cox analyses for the overall cohort ( Table 2 ).
The survival outcomes of patients with single-site metastasis were additionally analyzed, and patients with bone-only and lung-only metastases had a better prognosis compared to patients with liver metastases (bone only vs liver only: p=0.004 for OS and p=0.008 for CSS; lung only vs liver only: p=0.019 for OS and p=0.025 for CSS) as shown in Figure 4A , B, while patients with distant nodeonly metastases were significantly more likely to have a favorable prognosis than other groups of patients. Due to the were all found to be adverse prognostic factors for OS and CSS, compared to patients with only distant node metastases ( Table 3) .
Effect of surgeries to the primary sites and metastatic sites on survival outcomes
For all patients included in this study, patients who received RC were associated with better OS (p<0.001) and CSS (p<0.001), regardless of the specific metastatic sites ( Figure  5A , B). This phenomenon remained true with regard to patients with a single-site metastasis ( Figure 5C, D) . In patients with multisite metastases, however, the survival outcomes of patients who received RC did not differ from that of patients with no RC (for OS: p=0.415; for CSS: p=0.649), as shown in Figure 5E , F. The effect of RC on survival outcomes of patients stratified by their metastatic sites was further analyzed and the results revealed that for patients with bone-only ( Figure 6A, B) , lung-only ( Figure 6E, F) and distant node-only metastases ( Figure 6G, H) , RC could significantly improve the OS and CSS outcomes, while patients with liver metastases (Figure 6C, D Table 3 ).
Due to the limitation of the SEER dataset, in which the information of metastasectomy could not be more specific among patients with multiple metastatic sites, the Kaplan-Meier analysis was only carried out in patients with a single-site metastasis when they were stratified by whether the surgeries to the metastatic sites were performed. Figure 7A and B shows that in all single-metastatic patients, metastasectomy led to a better OS (p=0.042, log-rank test) and single metastatic patients with age <65 years had both better OS (p=0.006, log-rank test) and CSS (p=0.014, logrank test) when metastasectomy was performed ( Figure  7C, D) . For women patients with single metastatic site, the surgeries to the metastatic sites were associated with better CSS outcomes (p=0.049, log-rank test), as shown in Figure  7E , F, while MIBC patients seemed to have a better OS after receiving metastasectomy (p=0.031, log-rank test), as shown in Figure 7G , H. Interestingly, statistical differences were found by the Breslow test in some groups of Kaplan-Meier analyses shown in Figure 7 . Also, contradictory results were observed between log-rank and Breslow tests in the CSS of all patients with a single metastatic site (log-rank test: p=0.072; Breslow test: p=0.024; Figure 7B ) and of MIBC patients (log-rank test: p=0.078; Breslow test: p=0.016; Figure 7H) , and in the OS of women patients with a single metastatic site (log-rank test: p=0.070; Breslow test: p=0.021; Figure  7E ). Nevertheless, after taking all other relevant covariates into consideration, the multivariate analyses did not reveal any prognosis predictive value of metastasectomy, either for the overall cohort (Table 2) or for single-site metastasis patients (Table 3) .
Discussion
Metastatic BCa was the terminal stage of this malignancy and had rather low survival rates after the diagnosis. Despite a favorable initial response to chemotherapy, long-term OS was achieved by very few patients and the median OS of 
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Roles of metastatic sites and surgeries in M1 bladder cancer patients metastatic BCa typically plateaued at ~14-15 months. 13 In 1982, Cowles et al for the first time reported the survival outcomes of six BCa patients with lung metastases and analyzed the function of surgical resection of the solitary pulmonary metastases. 17 Since then, several studies have focused on the 
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Roles of metastatic sites and surgeries in M1 bladder cancer patients tion to the important role of the number of metastatic sites and patients with a single metastatic site. Furthermore, the previous studies were all based on small single-institutional patient cohorts (number of bladder patients ranged from 3 to 70), 20 which obviously restricted the subgroup analyses and stratified studies. Based on the currently largest cohort of metastatic BCa patients, we examined the effect of different kinds as well as different number of metastatic sites on the prognosis of BCa patients. In addition, we performed a subgroup analysis focusing on patients with a single metastatic site.
Several of our findings are noteworthy. We found that bone, lung and distant nodes became the top three organs of metastases. This result was not completely in conformity with 
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Dong et al some of the previous researches. It had been found that lung and distant lymph nodes metastases would always be in the list of the most common sites of metastases of BCa, which was also confirmed in our study. 11, 18 As for bone metastases, Bianchi et al revealed that quite a high bone metastasis rate was also observed in M1 stage BCa patients and this rate was even higher than lung metastasis rate. 7 Most of the other studies, however, reported a rather small number of patients with bone metastases. Our findings, which were similar to Bianchi's results, showed a higher proportion of bone metastases compared to lung metastases in metastatic BCa patients. This might be due to the different sources of patient information. Bianchi's and our study were both based on national wide patient dataset including enough bone metastases cases, while other studies were all using single-institutional patient cohorts which could lead to the omission of bone metastases. We believed that bone metastases were quite common in patients with M1 BCa; therefore, bone scintigraphy might be considered as a routine examination for BCa patients in order to reduce the missed diagnosis rate of bone metastasis.
The effect of metastatic sites on patients' prognosis had been discussed in several different cancers. 29, 30 For BCa, previous studies have found that liver metastatic sites were independent, unfavorable prognostic factors for OS in patients with advanced urothelial carcinoma. 31, 32 Nakagawa et al suggested the association of bone and liver metastases with poor OS using univariate regression model. 33 However, the prognostic value of distant metastatic sites in M1 stage BCa still remains unclear. For the first time, we revealed that patients with bone, brain, liver and lung metastases were associated with worse OS and CSS. Moreover, using multivariate Cox regression analysis, bone, brain, liver and lung metastases were proved to be independent adverse prognostic indicators for both OS and CSS. During the time of reviewing relevant literature, we found a regrettable phenomenon that when analyzing the impact of distant metastatic sites on prognosis of BCa patients, most of the previous researches used "visceral metastases" to sum up all kinds of organ metastases including lung, liver and other visceral involvement, without offering separate results of different kinds of metastases. 
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Roles of metastatic sites and surgeries in M1 bladder cancer patients This might be caused by the limited population of patients in those studies. For example, based on a cohort with less than a hundred BCa patients, Taguchi et al pointed out that patients with visceral metastasis seemed to have prognostic value for OS outcomes, 10 without analyzing which kind of metastases played roles. 10 We solved this problem by using a large population of patients and further proved that distant lymph node metastasis was not an independent prognostic factor of metastatic BCa.
In our study, patients with a single metastatic site seemed to be related with better survival compared with those with two, three or four metastatic sites. But in multivariate Cox regression analysis, single-site metastasis was not found to be a significantly independent prognostic predictor of OS and CSS. Our findings were unexpectedly contradictory to the results of the previous study, in which the multisite metastases were found to be able to independently predict worse OS and CSS. 9 The difference might arise from the different choices of the covariates in the Cox model, and further studies are needed to expound how the number of metastatic sites could affect the prognosis of patients with metastatic BCa. We specially did subgroup analyses based on patients with a single-site metastasis and found that patients with distant node-only and liver-only metastases had the best and the most unfavorable survival outcomes, respectively. The above-mentioned results for the first time focused on single-site metastatic BCa patients and could contribute to the clinical practice for similar patients.
One of the previous studies had indicated that the surgeries of the primary bladder tumor might contribute to long-term disease free survival in selected patients. 34 Besides, Chen et al also suggested that the surgeries might improve patients' OS outcomes. 9 Our study, for the first time, pointed out that patients with single metastatic site rather than multiple metastatic sites could benefit from RC, and that the RC was an independent prognostic predictor for metastatic BCa patients. Furthermore, this benefit could also be observed in patients with bone-only metastasis. After obtaining such results, it occurred to us that according to recent studies, metastatic prostate cancer patients with oligometastatic sites (low number of nonvisceral metastases) could still benefit from radical prostatectomy. 35 Was this concept of "oligometastasis" similarly suitable for metastatic BCa? What roles does the radical surgery play in patients with metastatic BCa, especially in those with low number of 
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Dong et al bone metastases? To answer these two questions, prospective controlled studies are thus needed for the purpose of improving the low survival rates of patients with metastatic BCa. This is especially important, given the insufficiency of relevant studies carried out in the management of this disease. For a long time, there exists a debate whether surgeries of the metastatic sites, or metastasectomy, could lead to survival benefits for patients with metastatic BCa. A study carried out by Matsuguma et al emphasized that pulmonary metastasectomy might have a curative role in the treatment of BCa with lung metastases. 16 Similarly, Lehmann et al thought a long-term cancer control and possible cure can be achieved in a subgroup of patients following surgical removal of the metastases. 19 A recently published meta-analysis pointed out that although pooled analyses of studies showed an improved OS for patients treated with metastasectomy compared with nonsurgical treatment of metastatic lesions (HR=0.63; 95% CI=0.49-0.81), limited conclusions could be drawn due to lack of uniform reporting elements and multiple sources of bias. 8 The results of our study were in line with the above-mentioned meta-analysis. Also, we further showed that among patients with a single metastatic site, younger patients, female patients and patients with MIBC seemed to be more suitable for metastasectomy. Interestingly, in this study, we found a statistically improved CSS or OS following metastasectomy in some patient groups using the Breslow test rather than the log-rank test. This phenomenon gave more emphasis to early deaths occurring in patients without receiving metastasectomy. When lengthening the follow-up period, the survival curves became closer or even crossed. This could be the reason why differences existed between log-rank and Breslow tests in our study, since the Breslow test better reflects initial results while the log-rank test more accurately characterizes final outcomes.
36
Although to the best of our knowledge, this is the largest study evaluating the prognostic significance of the sitespecific metastases of BCa and the effect of surgeries on patients' prognosis, some potential limitations should still be considered. The major limitation came from the SEER dataset itself. For example, the SEER dataset only included five specific sites of metastases and for multisite metastatic patients, the information of metastasectomy could not be specific to the exact kind of metastatic sites. In addition, there was a lack of details concerning chemotherapy, endocrine Log-rank test: p=0.002 
